INTRODUCTION
Obesity is a worldwide public health problem. In the United States, more than 30% of the adult population is obese; [1] in Europe similarly, adult obesity incidence is between 10% and 30%. [2, 3] Due to the coexistence of malnutrition problems with an overconsumption of energy-dense diets and low physical activity, obesity has also become a serious disease concern in some developing countries, including Mexico. [4, 5] Obesity is related to multiple metabolic abnormalities of the metabolic syndrome, which represent risk factors for cardiovascular diseases that are the leading causes of death worldwide. [6, 7] Therefore, it is fundamental to implement health strategies to control obesity and its associated comorbidities.
Treatment of obesity requires a balanced diet and physical exercise. Pharmacological therapy and bariatric Several reports showed the benefi cial eff ects of acupoint stimulation for obesity control. Auricular acupressure (i.e., stimulation of acupoints in or behind the ear) with a low-calorie diet produced a signifi cant reduction of body fat mass and leptin levels in obese patients. [11] Weight loss in obese women treated with electroacupuncture (EA) (i.e., stimulation of acupoints by a small electric current) has been associated with changes in lipid profi le, lipoproteins, leptin, insulin, glucose, neurotransmi ers, as well as in infl ammatory and immunological markers. [12] [13] [14] [15] [16] [17] [18] Acupoint catgut embedding therapy also produced a decrease in lipids, and a signifi cant reduction of insulin and leptin resistance. Moreover, insulin sensitivity remained for a 1-year period, demonstrating the sustained eff ects of this method. [19, 20] All these studies stimulate distinct sets of acupoints, and the number and duration of the sessions vary, which makes diffi cult to compare the effi ciency of the diff erent treatments. Here, we aimed to compare the eff ects of the stimulation of the same set of acupoints by distinct methods, namely, acupuncture, EA, moxibustion and catgut embedding, in obese women. Specifi cally, we evaluated changes in anthropometric and biochemical parameters related to obesity in response to each treatment.
MATERIALS AND METHODS

Subjects
The current study was designed as a randomized, placebocontrolled, clinical study. Patients were recruited at the Acupuncture Clinic of the National School of Medicine and Homeopathy of the National Polytechnic Institute in Mexico City, Mexico, according to the following eligibility criteria: Women between the ages of 18 and 45 with body mass index (BMI) ≥25 kg/m 2 , without a known metabolic syndrome. Smokers or alcoholic participants, pregnant or breast-feeding women, and patients with previous acupuncture or drug treatment for obesity in the last 6 months, were excluded. Patients who failed to a end at least one session were eliminated. The Ethics Commi ee of the National School of Medicine and Homeopathy of the National Polytechnic Institute approved the protocol. The research was conducted in accordance with the last update of Helsinki declaration. All selected participants signed the informed consent.
Treatments
Women (n = 138) that were selected according to eligibility and exclusion criteria, were randomly assigned into six groups of treatment following an adaptive biased-coin randomization method, namely urn randomization: Acupuncture with moxibustion (AM), long needle acupuncture with moxibustion (LNAM), EA, EA with moxibustion (EAM), catgut embedding with moxibustion (CGM) and sham acupuncture (placebo) as control. The study was single blind, i. e. participants did not know if they were assigned to a treatment group or the placebo group. Acupuncture points were selected to cover the main syndromes related to obesity according to TCM as follows: CV6 (Qihai), CV12 (Zhongwan), and bilateral ST25 (Tianshu), ST36 (Zusanli) and SP6 (Sanyinjiao) for all groups, as well as BL20 (Pishu) and BL23 (Shenshu) for moxibustion stimulation. For the AM group, sterile stainless-steel acupuncture needles (Natural) (1.5 cun length at ST36 and SP6 acupoints; 3 cun length at CV6, CV12 and ST25 acupoints) were inserted to a depth of approximately 1-2 cm a er skin sterilization. For LNAM protocol, 1.5 cun length needles were used to stimulate ST36 and SP6 acupoints, while 6 cun length needles were inserted at CV6, CV12 and ST25 acupoints to a depth of approximately 10-12 cm. BL20 and BL23 points were also stimulated with moxibustion in both AM and LNAM groups. For EA and EAM protocols, 3 cun acupuncture needles (at CV6, CV12 and ST25 acupoints), and 1.5 cun needles (at ST36 and SP6 acupoints) were connected to an acupuncture stimulator (KWD-808 li, GreatWall Brand) using dispersed-dense wave at 4 Hz high density frequency. The main advantage of EA is that the insertion of needles does not require extreme precision because the current delivered through the needle stimulates a larger area than the needle itself. In addition, BL20 and BL23 points were stimulated with moxibustion in the EAM group. For CGM protocol, a hypodermic needle (21 G × 32 mm) was used to introduce a chromic catgut strand 00 (Catgut acupuncture kit, Shuangyi) at CV6, CV12, ST25, ST36 and SP6 acupoints. The catgut thread was later completely absorbed by the body (about 18-21 days). BL20 and BL23 points were also stimulated with moxibustion. Finally, sham acupuncture involved the use of stainless-steel needles covered with a plastic fi lm and a cap to avoid needle insertion, as previously described by Takakura and Yajima. [21] Subjects from AM, LNAM, EA, EAM and sham groups received two treatments per week for a total of 6-week (acupuncture for 20 min with or without moxibustion for 5 min in each session). For CGM group, catgut was implanted each 3-week, for a total of 6-week, whereas moxibustion was applied twice a week. Patients were asked to keep their usual lifestyle, including their diet and physical activity. These recommendations were reinforced at each session all over the protocol.
Clinical and biochemical evaluation
A standard health questionnaire with a complete medical history was administered by a physician at the beginning of the protocol; age and anthropometric values were also assessed. Patients' body weight (kg) was measured in their underwear to the nearest 0.1 kg using a calibrated balance scale. Height (m) was measured to the nearest centimeter using a rigid stadiometer. BMI was calculated and expressed in kilogram per meter square following World Health Organization recommendations. Waist circumference (cm) was measured midway between the lateral lower rib margin and the iliac crest, to the nearest 0.1 cm; hip circumference (cm) was measured at the level of major trochanters through the pubic symphysis; the waist-hip ratio (WHR) index was also determined. A venous blood sample was taken from the le cubital vein at 07:00 to 08:00 am a er an overnight fast in order to determine total cholesterol, triglycerides glucose, and insulin concentrations using standard protocols. Normal values for cholesterol and triglycerides were defi ned as <150 mg/dl and <200 mg/dl, respectively. Normal values for glucose and insulin were defi ned as 80-110 mg/dl and 2-20 mcU/ml, respectively. Insulin resistance was determined by the homeostasis model of assessment -insulin resistance (HOMA-IR), using the following formula: HOMA-IR = (fasting insulin [mcU/ml] × fasting glucose [mg/dl])/405. A HOMA-IR index of 3.8 was chosen as the cut-off point to defi ne insulin resistance. [22] At the end of the 6-week trial, anthropometric and biochemical data were obtained again for each patient.
Statistical analyses
Prism 5 (GraphPad So ware, Inc.) was used to conduct statistical analyses. Descriptive characteristics of the variables (weight, BMI, waist circumference, hip circumference, WHR, triglycerides, cholesterol, glucose, insulin and HOMA-IR index) were expressed as mean ± standard error of the mean. The paired Student's t-test was used to compare initial and final data in each group. ANOVA-Tukey's multiple comparison test was used to compare mean age, baseline anthropometric and biochemical data, as well as mean changes of each parameter between groups. The level of signifi cance was set as P ≤ 0.05.
RESULTS
Tolerance and general eff ects
All treatments were very well-tolerated, and none of the obese women suspended the therapy due to adverse sideeff ects. Most patients reported a reduction of appetite and anxiety; some of them also reported an increase in energy. Unfortunately, these data were not rigorously documented by the physician.
Eff ects on anthropometric data
A total of 200 women that complied with all the eligibility criteria described above were enrolled into the study, but 62 were excluded. During the treatment period, several women were eliminated because they failed to a end at least one session and only 99 women completed the protocol [ Figure 1 ]. Mean age was 35.9 ± 7.8 years, with the following distribution: [18] [19] [20] , and mean WHR was higher than 0.83 in all groups, confi rming that women presented obesity I and II, with a cardiovascular risk.
At the end of the study, body weight and BMI were signifi cantly reduced in all groups (P < 0.001), although fi nal BMI values still corresponded to obesity I and II [ Table 1 ]. A comparative analysis between groups revealed that body weight was signifi cantly reduced in response to all treatments in comparison with the sham group, according to ANOVA-Tukey's test. Consequently, BMI was also signifi cantly reduced in all groups when compared with sham group. In addition, body weight reduction was higher in LNAM group when compared with EAM group (P < 0.01); BMI reduction was higher in LNAM when compared with EAM (P < 0.001) and CGM (P < 0.05) groups, whereas BMI reduction was higher in EA group in comparison with EAM group (P < 0.01) [ Figure 2 ]. In contrast, no changes were observed in waist circumference, Values are presented as mean ± SEM. ***P < 0.001 fi nal versus initial in each group (paired Student's t-test). AM = Acupuncture with moxibustion; LNAM = Long needle acupuncture with moxibustion; EA = Electroacupuncture; EAM = Electroacupuncture with moxibustion; CGM = Catgut embedding with moxibustion; BMI = Body mass index; WHR = Waist/hip ratio; SEM = Standard error of the mean hip circumference, or WHR in patients from all groups at the end of the protocol [ Table 1 ].
Eff ects on biochemical parameters
Mean baseline biochemical data are described in Table 2 . Concentrations of triglycerides, cholesterol, glucose and insulin age, as well as HOMA-IR, were not signifi cantly diff erent among groups according to ANOVA test (data not shown).
Patients in all groups have high triglycerides values, while cholesterol concentrations were in normal range (except in EA group). Glucose and insulin concentrations were in normal range, indicating that subjects were not diabetic. However, HOMA-IR values were equal or higher than 3.8 in sham, AM, LNAM, EA and CGM groups, showing that these obese women had insulin resistance at the beginning of the protocol.
At the end of the study, we observed a signifi cant reduction of triglycerides in EA, EAM (P < 0.05) and CGM (P < 0.01) groups [ Table 2 ]. But these changes were not signifi cant in comparison with sham and other groups, when data were compared using ANOVA test (data not shown). In contrast, cholesterol was not aff ected [ Table 2 ]. Additionally, AM, EAM, and CGM treatments led to a reduction of glucose (P < 0.01), but there was no signifi cant diff erence with sham group according to ANOVA test (data not shown). Interestingly, insulin was reduced in response to CGM treatment (P < 0.01), while HOMA-IR was reduced in EA (P < 0.01) and CGM (P < 0.001) groups [ Table 2 ]. Multiple comparison analysis revealed that changes in triglycerides and glucose were not significant in comparison with sham and other groups, when data were compared using ANOVA test (data not shown). In contrast, the reduction of insulin (P < 0.05) and HOMA-IR (P < 0.01) observed in , without a known metabolic syndrome. Smokers or alcoholic women, pregnant or breast feeding women, and women with previous acupuncture or drug treatment for obesity in the last 6 months, were excluded. The study was designed as a randomized, placebo-controlled and single blind study 
DISCUSSION
In the last decade, there is an increasing interest for alternative medicine, such as the TCM, to help for obesity control, which represents a major public health problem worldwide. Notably, diff erent acupuncture related methods involving the stimulation of body acupoints, have been reported as safe and effi cient therapies to reduce body weight and associated parameters. The results of the present study confi rm that 6-week treatments based on the stimulation of the same set of acupoints by AM, LNAM, EA, EAM, and embedded catgut with moxibustion (CGM) were able to signifi cantly reduce body weight and BMI in obese women, as it has been previously reported by diff erent groups. Moreover, our data validate that CV6, CV12, ST25, ST36, and SP6, as well as BL20 and BL23 acupuncture points, are relevant for regulating anthropometric parameters, whatever the method used for stimulation, probably because these acupoints cover most syndromes that are related to obesity according to TCM. Tang et al. also reported a decrease in body weight and BMI by stimulating almost the same set of acupoints through EA and catgut embedding therapy. [23] In addition, no adverse eff ects of acupuncture treatments were seen in the present study.
The fact that body weight and BMI were slightly reduced in sham group suggests a placebo eff ect, since patients claimed they did not modify their diet and physical activity. Importantly, these slight changes were not associated with changes in biochemical parameters in this control group. In contrast, in most groups of treatment, body weight and BMI reduction was associated with a signifi cant modulation of biochemical parameters, mainly triglycerides, glucose, and insulin, but not cholesterol. Particularly, triglyceride reduction observed in patients from EA and EAM groups is in agreement with other reports that showed the eff ect of strong voltage (5-20 V) 30-40 Hz and dense-disperse wave EA to effi ciently reduce triglycerides. [12, 17, 24] We did not fi nd any reports about the modulation of biochemical parameters by EA associated with moxibustion, probably because these methods are not commonly used together. However, our results evidence that their combination could be an interesting complementary strategy to control body weight.
Interestingly, acupoint catgut embedding therapy with moxibustion was the only treatment that produced a significant reduction of triglycerides as previously reported, [20, 25, 26] with a decrease of glucose, insulin and HOMA-IR index. All treatments involved the stimulation of the same set of acupoints (CV6, CV12, ST25, ST36, and SP6, as well as BL20 and BL23), during the same number of weeks, which strongly suggests that the be er eff ects observed in response to acupoint catgut embedding therapy with moxibustion were directly related to the method used to stimulate these acupoints. Interestingly, the reduction of HOMA-IR index from 4.2 ± 0.4 to normal values (2.9 ± 0.3) shows that obese women who were insulin resistant had become insulin sensitive at the end of the protocol. In contrast, HOMA-IR index was also signifi cantly reduced in EA group, but women remained insulin resistant. Chen et al. also reported that embedded catgut allowed control of body weight, insulin and glucose levels, as well as insulin resistance in obese patients. [27] In obese rats, Yan et al. reported that catgut embedding allows control of insulin resistance. Moreover, results evidenced a decrease in both serum and hypothalamic levels of leptin, an adipokine that suppresses appetite and promotes energy metabolism. [20] Therefore, we propose that acupoint catgut embedding therapy with moxibustion may be used as a complementary treatment to reduce the risk of diabetes associated to obesity in women.
Although acupoint catgut embedding therapy can be used alone to control obesity, it seems that its combination with another TCM method enhances the eff ects. Indeed, Tang et al. reported that EA with catgut embedding produced a higher reduction in body weight, BMI, and WH index in comparison with EA alone. [23] Similarly, Shi et al. showed that EA together with catgut embedding and acupuncture-cupping signifi cantly reduced body weight, BMI, and WHR in comparison with EA alone. [28] In the present work, we also demonstrate the be er effi ciency of catgut embedding with moxibustion for the control of anthropometric and biochemical parameters, as well as insulin resistance in obese women.
The be er eff ects of acupoint catgut embedding therapy may be related to the persistent stimulation produced by the suture at the acupoints. It has been reported that the combined effects of proteolytic enzymes and macrophage action against the absorbable surgical thread may improve and extend the acupoint stimulation during 18-21 days as a consequence of the mild irritation in subcutaneous tissue. [20] It has also been shown that catgut embedding in specifi c acupoints can activate the satiety center and inhibit the hunger center through regulation of norepinephrine, dopamine, 5-hydroxytryptamine (serotonin) and 5-hydroxyindoleacetic acid in the feeding center in rats; this may contribute to enhance the eff ects observed on anthropometric and biochemical parameters. [29] 
CONCLUSION
Our comparative analysis confirmed the efficiency of acupoint stimulation to signifi cantly reduce body weight, BMI, and several biochemical parameters in obese women, without producing adverse side-eff ects. Most importantly, our results highlighted that acupoint catgut embedding therapy with moxibustion was also able to reverse insulin resistance, which indicates that acupoint catgut embedding therapy may represent an interesting health strategy to control obesity and its associated comorbidities. However, this study has some limitations, such as the small sample size of each group of treatment, the short duration of the treatment (only 6-week), the use of acupoints without considering the TCM syndromes of each patient, the lack of a systematic control of dietary and physical activity records, and the absence of an appropriate follow-up of possible body weight rebound. Further studies including larger sample sizes, the stimulation of acupoints according to TCM syndromes of each patients, and a longer protocol are needed to demonstrate that acupoint catgut embedding therapy with moxibustion is able to control body weight and insulin resistance in obese women.
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